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limits the increase of its use. 

On the other hand, it has been reported that 
the polyvinyl aloohol-starch film is decomposed by 
5 microorganisms in the soil. Accordingly, if the 
polyvinyl alcohol-starch film can be used as the 
materials suitable for agricultural uses as mentioned 
above, the environmental pollution is not caused, that 

10 \' T" ""^ """'^ "^■» i= industrially 

10 remarkably useful. 

th. f '"^ polyvinyl alcohol-starch film in 

the le d requiring the water resistance, e.g., as the 
materials suitable for agricultural uses, the film is 
forced o be given the „ater resistance by a hydrophobic 
resin, for instance, a solution of a vinylidene chloride 
polymer is coated on the film surface or an other film 

the like""'''"'""'"' " °" 

An object of the present invention is to 
provide a polyvinyl alcohol-starch film having excellent 
«a er resistance and easily degradable due to mechanical 
actions or microorganisms in the soil. 

oroviH * °' invention is to 

provide a use of the above-mentioned film as a material 
suitable ror agricultural uses. 

These and other objects of the present 
invention win become apparent from the description 
hereinafter. 
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starch fn'' ^ polyvinyl alcohol- 

starch film Which is prepared from a composition 
comprising a polyvinyl alcohol having a degree of 
hydrolysis Of at least 93 % by mole and a starch or 
comprising a crosslinking agent in addition to the above- 
mentionea two components, and which is at least 
uniaxially stretched can attain the above-mentioned 
ODjects • 
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a crosslinked structure. Generally, there are used 
compounds having a polyf unctional group, capable of 
reacting with hydroxyl groups in the polyvinyl alcohol 
and the starch, 

5 Examples of the crosslinking agents used in the 

present invention are as follows: 

(1) Polyisocyanate compounds: tolylene diisocyanate, 
hydrogenated tolylene diisocyanate, an adduct of 
trimethylol propane and tolylene diisocyanate, 

10 triphenylmethane triisocyanate, methylenebis(4- 

phenylmethane) triisocyanate, isophorone diisocyanate, 
their reaction products with ketoxime or phenol, and the 
like 

(2) Polyaldehydes: glyoxal, succindialdehyde, 

15 malonaldehyde, maleic dialdehyde, phthalic dialdehyde, 
glutaric aldehyde, adipaldehyde, and the like 

(3) Polyepoxy compounds: ethylene glycol diglycidyl 
ether, polyethylene glycol diglycidyl ether, glycerol 
diglycidyl ether, glycerol triglycidyl ether, 

20 l,6"hexanediol diglycidyl ether, trimethylolpropane 

triglycidyl ether, diglycidyl aniline, diglycidyl amine, 
and the like 

(4) Polyamine compounds: urea> melamine, methylol urea, 
methylol melamine, hexamethylenediamine, triethanol 

25 amine, and the like 

(5) Compounds capable of producing a radical: hydrogen 
peroxide, potassium peroxodisulf ate, ammonium persulfate, 
benzoyl peroxide, succinic acid peroxide, t-butylperoxy 
maleate, benzoin alkyl ethers such as t-butyl- 

30 hydroperoxidebenzoin methyl ether, benzoin ethyl ether 
and benzoin isopropyl ether, organic sulfer compounds 
such as dibutyl sulfide, benzyl sulfide and decylphenyl 
sulfide, a diazonium salt and a triazonium salt, their 
double salt with zinc chloride or its condensation 

35 product, azobisisobutyronitrile, 2 , 2 ' -azobis ( 2- 

amidinopropane)dihydrochloride, a dye such as methylene 
blue or a combination of p-toluenesulf onate ion 
therewith, a pyrylium salt, a thiapyrylium salt/ ammonium 
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dichromate, acetophenone> benzophenone, benzil, 
phenanthrene, thioxanthone, dichloropropyl phenyl ketone, 
anthraquinone , 2*chloroanthraquinone , 2-bromo- 
anthraquinone, sodium anthraquinone-6-sulf onate, 
5 1/ S-dinitroanthroquinone, 1/ 2-benzanthraquinone, 
phenanthr enequinone , 5-benzoylacetonaphthene , 
5-ni troacetonaphthene , 1 / 4-naphthoquinone , 
1,8-phthaloylnaphthalene/ 2-nitrof luorene/ 
p-nitroaniliner picramide, and the like 
10 (6) Oxidizing agent: potassium dichromate, ammonium 
dichromate, calsium perchlorate/ and the like 

(7) Polymer izable monomer: 2-hydroxyethyl acrylate, 
2-hydroxyethyl methacrylate^ 2-hydroxypropyl acrylate, 
2-hydroxypropyl methacrylate, N-vinylpyrrolidone, 

15 2-hydroxyethylacryloyl phosphate, acrylamide, 

methacrylamide, N-methylol acrylamide, N-methylol 
methacrylamide, N-methoxymethyl acrylamide, 
N-ethoxymethyl acrylamide, ethylene glycol monoacrylate, 
dipropylene glycol monoacrylate, N,N-dimethylaminoethyl 

20 acrylate, styrene, vinyl toluene, monochlorostyrene , 

diallyl phthalate, vinyl acetate, glycidyl methacrylate, 
and the like. 

(8) Salts of polyvalent metal: a chloride, bromide, 
nitrate, sulfate or acetate with a polyvalent metal such 

25 as aluminum, iron, copper, zinc, tin, titanium, nickel, 
antimony, magnesium, vanadium, chromium or zirconium, 
concretely, a cupric chloride, aluminum chloride, ferric 
chloride, stannic chloride, zinc chloride, nickel (II) 
chloride, magnesium chloride, aluminum sulfate, cupric 

30 acetate, chromium acetate, and the like. The 
crosslinking agents are not limited thereto. 

The amount of the crosslinking agent is 
preferably 0.1 to 50 parts by weight, more preferably 
from 0.5 to 30 parts by weight, based on 100 parts by 

35 weight of the polyvinyl alcohol and the starch. When the 
amount of the crosslinking agent is more than 0.1 part by 
weight based on 100 parts by weight of the polyvinyl 
alcohol and the starch, the property for improving the 


water resistance of the film can be remarkably 
effected. On the other hand/ the amount of the 
crosslinking agent is more than 50 parts by weight, the 
film becomes brittle. 

The composition as mentioned above may include, 
if necessary, plasticizers such as glycerol, ethylene 
glycol, propylene glycol, trimethylol propane and 
polyethylene glycol, an inorganic fine powder such as 
silica, calcium carbonate and clay (kaolin), additives 
usually added to molded articles such as a coloring 
agent, a surfactant, an antioxidant, a water proofing 
agent, an enzyme, a fertilizer and a pesticide and a 
germicide, and the like. Further, other water-soluble 
resin may be suitably added to the composition. 

When forming the film of the invention, any 
methods such as melt molding, e.g., extrusion or tubular 
film process, and film casting are applicable. Usually, 
the film is prepared by film casting. When forming by 
the film casting, known methods such as a method using a 
rotating drum and a method using an endless belt are 
applicable. 

For instance, in the invention, an aqueous 
solution containing the composition comprising the 
polyvinyl alcohol and the starch or the composition 
comprising the polyvinyl alcohol, the starch and the 
crosslinking agent, the aqueous solution usually having a 
concentration of the polyvinyl alcohol and the starch of 
about 10 to 40 % by weight, is subjected to film 
casting. It is usual that the film casting is conducted 
while maintaining the aqueous solution at a temperature 
of about SO" to 95»C, and then the formed film is dried 
at a temperature of about 60' to lOO'C. 

When conducting melt-molding,, the composition 
comprising the polyvinyl alcohol and the starch, or 
comprising the above two components and the crosslinking 
agent is melted at a temperature of 150*" to 250'C. . 

In the present invention, it is essential that 
the film is at least uniaxially stretched. The 


stretching is conducted while drying or after drying the 
non-stretched film. The water content of the film during 
stretching is controlled according to a stretching ratio 
of the film. Any stretching methods such as a method 
using a roll and a method using a tenter are applicable. 

The film is stretched at least uniaxially in a 
stretching ratio of not less than 1.2, preferably from 
1.2 to 6. When the stretching ratio is less than 1.2/ 
the water resistance is not given to the film. When 
biaxially stretching the film, it is practical that the 
stretching ratio is from 1.2 to 3 in machine direction, 
and from 1.2 to 3 in transverse direction. In such a 
case, the film can be stretched simultaneously in machine 
direction and transverse direction. Also the film can be 
stretched in one direction and subsequently stretched in 
another direction. 

The stretched film is subjected to a post 
treatment such as heat treatment or control of water 
content in usual manners. It is suitable that the heat 
treatment is conducted at a temperature of about 130® to 
250**C for several seconds to several minutes while 
tensing the film. After heat treatment, usually, the 
water content of the film is suitably adjusted in order 
to improve the dimensional stability of the film. 

Thus obtained stretched film can be put on the 
practical use as it is. If necessary, any post • treatment 
such as a treatment wherein the film is acetalized or a 
treatment wherein the film is coated or laminated with a 
hydrophobic resin can be conducted. 

The thickness of the film of the invention is . 
not particularly limited. Usually, the thickness is from 
about 10 to 80 um. Moreover, in the invention, a 
thickness of about 100 to 200 pm can be adopted. The 
film of the invention contains not only the so-called 
films (usually having a thickness of about 10 to 80 ym) 
but also the so-called sheets (usually having a thickness 
of about 100 to 200 um) , and moreover the processed goods 
from the film or sheet such as taps, containers and 
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vessels. 

Not only the film of the invention is suitable 
for the above-mentioned agricultural uses such as films 
for protecting a root, films for removing weeds, binding 
taps and films for sowing seed but also the films are 
used as films, bags, containers or vessels for wrapping 
or packaging foods or textiles. 

The stretched film of the invention, prepared 
from the composition comprising the polyvinyl alcohol and 
the starch, and moreover the crosslinking agent can be 
remarkably improved the water resistance by the 
stretching operation, and further the use of the 
crosslinking. 

The present invention is more specifically 
described and explained by means of the following 
Examples in which all per cents and parts are by weight 
unless otherwise noted. It is to be understood that the 
present invention is not limited to the Examples and 
various changes and modifications may be made in the 
invention without departing from the sperit and scope 
thereof. 


Examples 1 -9 and Comparative Examples 1 and 2 

A polyethylene terephthalate film was attached 
to a hot plate with a temperature of 50"» to 60«C, on 
which an aqueous solution (concentration: 10 %) of a 
composition of a polyvinyl alcohol and a starch shown in 
Table 1 was coated by using an applicator, and the film 
was dried at 90-c for 5 minutes to give a film with a 
thickness of 50 um. 

After peeling off from the polyethylene 
terephthalate film, the obtained film was uniaxially 
stretched at 160»C under a condition that the water 
content was 10 %. When biaxially stretching the film, 
the film was stretched in one direction and then 
stretched in another direction in the same condition as 
above. The stretched film was subjected to heat 
treatment at 160«C for one minute to give a film having a 
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thickness of 40 yra. 

As to the film (sample), the strength, swelling 

ratio in water and wet strength were measured by the 

following methods. The results are shown in Table 1. 

Strength: After the sample is adjusted to 65 % RH at 

20*>C, the tensile strength at break is measured 
by using an autograph (the tensile speed: 40 
mm/minute, a length of the sample: 20 mm) 

Ratio of swelling by water: After dipping the sample in 

water with a temperature of 20**C for 5 minutes, 
the length and width of the dipped sample are 
measured. A ratio of the measured size to the 
original size is shown in Table 1. 

Wet strength: After the sample is dipped in water having 
a temperature of 20**C for 5 minute, the 
tensile strength at break is measured by using 
an autograph (the tensile speed: 40 mm/minute, 
the length of the sample: 20 mm) 
After subjecting to breaking test of the film, 

the film state was observed and the strength was measured 

in the same manner as above. The results are shown in 

Table 1. 

Film state: 

[Estimaion] A: It can be confirmed with the naked eye 
that the film is broken down. 
B: The shape of the film is maintained but 
it is easily broken down by crumpleing up. 
The breaking test was conducted by using a 
sunshine weathermeter made by Suga Shikenki Kabushiki 
Kaisha. 

Test condition: Temperature: 50**C 

One cycle: water is sprayed for 12 
minutes and light is irradiated for 48 
minutes. In the breaking test, 110 
cycles are repeated. 
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Examples 10-18 
The procedure of Example 1 was repeated except 
that a composition of a polyvinyl alcohol, a starch and a 
crosslinking agent shown in Table 2 was used instead of 
5 the composition shown in Table 1 to give a stretched 
film. 

As to the film, the strenth, ratio of swelling 
by water and wet strength were measured in the same 
manner as in Example 1. The results are shown in Table 
10 2. 

After subjecting to breaking test of the film 
in the same manner as in Example 1, the film state was 
observed and the strength of the film was measured in the 
same manner as in Example 1. The results are shown in 
15 Table 2. 
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The stretched film of the present invention is 
excellent in water resistance and degradable property and 
is useful as materials suitable for agricultural uses. 

In addition to the ingredients used in the 
Examples, other ingredients can be used in the Examples 
as set forth in the specification to obtain substantially 
the same results. 
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WHAT WE CLAIM IS: . 

1 1. A polyvinyl alcohol-starch film which is 

2 prepared from a composition comprising a polyvinyl 

3 alcohol having a degree of hydrolysis of at least 93 % by 

4 mole and a starch, said film being at least uniaxially 

5 stretched. 

1 2. The film of Claim 1, wherein said 

2 composition further comprises a crosslinking agent. 

1 3. The film of Claim 1, wherein said starch is 

2 a modified starch. 

1 4. The film of Claim 1, whe.rein said film is 

2 uniaxially stretched in a stretching ratio of not less 

3 than 1.2. 

1 5. The film of Claim 1, wherein the weight 

2 ratio of said polyvinyl alcohol/said starch is from 75/25 

3 to 1/99. 

1 6. The film of Claim 2, wherein the amount of 

2 said crosslinking agent is from 0.1 to 50 parts by weight 

3 based on 100 parts by weight of said polyvinyl alcohol 

4 and said starch. 

1 7. The film of Claim 1, which is a multifilm. 

1 8. Use of the film of Claim 1 as a material 

2 suitable for an agricultural use. 

9. A polyvinyl alcohol-starch film substantially as 
as described herein. 

10. A method of forming a film as claimed in any one of 
claims 1 to and 9 substantially as described herein 


